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.2012.09.0Abstract The feeding habits of the European hake,Merluccius merluccius Linnaeus, 1758, collected
by the trawlings operated from the Egyptian Mediterranean waters off Alexandria during the period
from March 2009 till February 2010 was investigated with respect to season and ﬁsh size. Stomach
contents of 549 specimens, total length (TL) of 14.2–53.3 cm, showed that only (32.2%) were full of
food, the rest had their stomachs either renversed (30.6%) or empty (37.2%). The ﬁlling index was
maximum during winter (4.6). Analysis of food contents revealed that this species is mostly carniv-
orous ﬁsh. It feeds on various food items including pisces, crustacea, molluscs, algae and plant detri-
tus. The main ﬁsh prey in the diet of these ﬁshes were Sardinella aurita (11.9%), Caranx rhonchus
(6.8%) and Engraulis encrasicollus (3.4%). Test of feeding diversity according to size groups were
found to be high for ﬁshes of size group (20–30 cm) (H= 2.107). Seasonal feeding diversity showed
a high value during summer (H0 = 2.118). The test of food overlap according to season show insig-
niﬁcant difference between all seasons except between spring and autumn (0.55). Also, differences
food overlap according to size groups were found to be signiﬁcant (<20 cm, 20–30 cm and>30 cm).
ª 2012 National Institute of Oceanography and Fisheries. Production and hosting by Elsevier B.V. All
rights reserved.Introduction
The European hake Merluccius merluccius (Linnaeus, 1758)
(Family: Gadidae) are represented in the north-eastern01174.
om
nal Institute of Oceanography
g by Elsevier
Oceanography and Fisheries. Prod
02Atlantic Ocean from Norway to Mauritania and in the
Mediterranean Sea. This species lives along the southern coasts
of the Black Sea (Jardas, 1996; Relini et al., 1999). The
European hake is distributed over a wide depth range from
only several meters in the coastline to 1000 m depth. Bathy-
metric segregation in sizes occurs, where the largest individuals
live in water deeper than 200 m, whereas the coastal shelf
inhabited mostly by juveniles (Turner and El Quari, 1986;
Fisher et al., 1987; Meiners, 2007; Belcaid and Ahmed,
2011). These ﬁshes stay on the bottom at depths between 100
and 200 m, and move vertically to higher strata at night in
addition to horizontal migrations for searching of food
(Jardas, 1996).uction and hosting by Elsevier B.V. All rights reserved.
40 A.E. PhilipsThe aim of the present study is to examine the feeding hab-
its and their variations according to ﬁsh size and season, in or-
der to provide a more comprehensive examination of the
trophic ecology.Materials and methods
A total of 549 ﬁsh of M. merluccius varying in length between
14.2 and 53.3 cm (T.L.) were collected from the trawlers oper-
ating in the Egyptian Mediterranean waters off Alexandria
during the period from March 2009 till February 2010. Fish
were kept on ice to prevent digestion of their stomach con-
tents. They were then taken to the laboratory for further exam-
ination. Total length was measured to the nearest mm. The
number of full, empty and inverted stomachs (stomach inside
the mouth) were recorded. Food contents of each stomach
were weighed to nearest 0.01 g. Items of food were identiﬁed
and sorted according to their taxonomic groups whenever it
was possible.
The following statistical calculations were adopted for ana-
lyzing the obtained data
Filling Index ¼Weight of stomach content
Gutted weight
 100Table 1 Seasonal variations in empty, inverted and full stomachs
Egyptian Mediterranean waters off Alexandria.
Season Total no. of stomachs examined Inverted st
No.
Spring 150 51
Summer 141 33
Autumn 90 30
Winter 168 54
Total no. of stomachs 549 168
Percentage%
Table 2 The general food composition in stomachs of Merluccius m
Food items Occurrence O%
(A) Pisces 52.54
Sardinella aurita 11.86
Caranx rhonchus 6.78
Eutrigla gurnardus 1.69
Engraulis encrasicolus 3.39
Spicera smaris 1.69
Conger conger 1.69
Macroramphosus scolapex 1.69
2-Unidentiﬁed ﬁsh remains 23.73
(B) Crustacea 61.02
Shrimp 44.07
Crab 3.39
Digested crustacea 13.56
(C) Mollusca (cephalopoda) 1.69
(D) Algae 10.17
(E) Plant depris 3.39
Total no. of all preys
Total weight of all preys (g)The importance of each food item in the diet was judged by
using the modiﬁed equation given by Rodriguez (1996):
MFI ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
G%
O%þN%
2
r
where MFI: modiﬁed food index, gravimetric index (G% per-
centage of weight of one item to total weight of all items), in-
dex of occurrence (O% frequency of an item to total examined
stomachs), numerical index (N% percentage of number of an
item to total number of all preys).
The diet amplitude (diversity) was studied by performing
the Shanon diversity index H0 (Shanon and Weaver, 1963)
using the following equation.H0 ¼PS1 ðn1=NÞ ln ðn1=NÞ; where
ni is the total number of the prey species, N is the total number
of all food items and S is the number of different food items.
The overlapping of different food items was tested accord-
ing to ﬁsh size (<20 cm, 20–30 cm and >30 cm) and seasons,
the following formula given by Schoener (1970) was applied
T ¼ 1 0:5
Xn
i¼1
jPxi  Pyij
where Pxi and Pyi are properties by number of food item i,
respectively in ﬁsh x and ﬁsh y. When the index of overlap
(T) equals to zero, this indicates that there is no overlapping
between ﬁsh x and ﬁsh y and when the value of this indexas compared with ﬁlling index of Merluccius merluccius in the
omach Empty stomach Full stomach Filling index
% No. % No. %
34.0 48 32.0 51 34.0 1.12
23.40 72 51.06 36 25.53 3.14
33.33 18 20.00 42 46.67 1.8
32.14 66 39.29 48 28.57 4.579
204 177 2.802
30.60 37.16 32.24
erluccius in the Egyptian Mediterranean waters off Alexandria.
Number N% Gravimetric G% MFI
42.37 93.74 66.70
5.08 22.26 13.73
5.08 27.32 8.16
1.69 19.27 5.71
1.69 3.27 2.88
1.69 1.49 1.59
1.69 0.86 1.21
1.69 0.47 0.89
23.73 18.98 21.22
42.37 5.67 17.12
25.42 3.84 11.55
3.39 0.30 1.01
13.56 1.53 4.55
1.69 0.27 0.7
10.16 0.28 1.7
0.04 3.39 2.41
228
1074
Table 3 Seasonal variation of food items in stomach of Merluccius merluccius in the Egyptian Mediterranean waters (O% index of occurrence, N% numerical index, G% gravimetric
index, MFI: modiﬁed food index).
Food items Spring Summer Autumn Winter
O% N% G% MFI O% N% G% MFI O% N% G% MFI O% N% G% MFI
(A) Pisces 41.18 38.89 86.39 58.81 53.84 46.67 97.99 70.17 66.67 44.00 95.63 72.74 66.67 55.55 95.08 76.23
Caranx rhonchus 5.88 5.56 6.88 6.27 15.38 13.33 56.78 28.55 6.67 4.0 19.68 10.25 5.55 3.70 20.40 9.71
Sardinella aurita – – – – 7.69 6.67 27.72 14.11 13.33 12.0 29.24 19.24 11.11 22.22 24.92 20.38
Engraulis encrasicolus – – – – – – – – 26.67 16.00 32.94 26.51 – – – –
Conger conger 5.88 5.56 7.82 6.69 – – – – – – – – – – – –
Eutrigla gurnardus – – – – – – – – – – – – 5.55 3.70 31.28 12.03
Spicera smaris – – – – 7.69 6.67 5.99 6.56 – – – – – – – –
Macroramphosus scolapex – – – – 7.69 6.67 1.87 3.66 – – – – – – – –
2-Unidentiﬁed ﬁsh remains 29.41 27.78 71.69 45.28 15.38 13.33 5.63 8.99 20.00 12.0 13.77 14.84 38.89 25.93 18.48 24.47
(B) Crustacea 35.29 38.89 11.99 21.09 15.38 26.66 1.42 5.46 40.00 56.00 4.37 14.48 33.33 40.74 4.49 12.89
Shrimp 23.53 22.22 6.27 7.37 7.69 13.33 0.29 1.75 26.67 48.0 2.76 10.04 33.33 29.63 3.69 10.78
Crab 5.88 5.56 0.97 11.98 – – – – – – 5.55 3.70 0.35 1.26
Digsted crustacea 11.76 11.11 4.75 5.55 7.69 13.33 1.31 3.45 13.33 8.00 1.61 4.14 11.11 7.41 0.45 2.05
(C) Mollusca – – – – – – – – – – – – 5.55 3.70 0.43 1.42
Cephalopoda – – – – – – – – – – – – 5.55 3.70 0.43 1.42
(D) Algae 17.65 16.67 1.29 4.70 23.08 20.00 0.56 3.47 – – – – – – – –
(E) Plant depris 5.88 – 0.32 – 7.69 – 0.03 – – – – – – – – –
Diversity index (H0) H0 = 1.875 H0 = 2.11837 H0 = 1.71052 H0 = 1.75193
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42 A.E. Philipsreaches one, this indicates that both ﬁsh x and ﬁsh y used the
same food items in the same proportionality. Values higher
than 0.6 are considered to be signiﬁcant (Macpherson, 1979).
Results
Feeding intensity
From (Table 1) it was only 32.24% of the examined stomachs
that were found to be full, the rest had their stomachs either
inverted 30.60%, or empty 37.16%. The ﬁlling index showed
that a maximum value took place in winter (4.6) while the least
values were recorded during spring and autumn (1.12 and 1.8,
respectively).
Food composition
From (Table 2), it was clear that the major food items eaten by
this species belonged to ﬁve major groups: pisces, crustaceans,
molluscs, algae as well as plant detritus.
Pisces
Pisces were the most abundant prey groups within the stomach
contents. The modiﬁed food index for pisces was (66.70%).
These food items occurred in 52.54% of the total examined
stomachs. They constitute by number 42.4% and 93.7% by
weight of the total food items. The main ﬁsh species were Sardi-
nella aurita (MFI = 13.73) andCaranx rhonchus (MFI = 8.16)
followed by Eutrigla gurnardus (MFI = 5.71), Engraulis encra-
sicolus (MFI = 2.88), Spicera smaris (MFI = 1.6), Conger sp.
(MFI = 1.21) and Macroramphosus scolapex (MFI = 0.9).
The modiﬁed index for digested ﬁsh was 21.22%.
Crustacea
Crustacea constituted the second important food item for M.
merluccius (MFI = 17.12). Shrimp was the main crustacean
category occurring in 44.07% of all examined stomachs and
constituting 25.42% by number and 3.8% by weight. Crabs
only occurred in 3.4% of the examined stomachs. Digested
crustacea occurred in 13.56% of all examined stomachs, its
gravimetric index was 1.53% (Table 2).
Mollusca
Molluscs were represented by cephalopods occurring only in
1.7% of the total examined stomachs forming 1.69% and
0.27% by number and weight, respectively.
Algae
From total examined stomachs green algae and sea grass oc-
curred in 10.17%, its gravimetric index was 0.28%.
Higher plants
Higher plants constituted 3.39% of total examined stomachs,
its gravimetric index was 3.4%.Pisces Crustacea Mollusca Algae
0
10
20
Figure 1 Seasonal variation in the modiﬁed food index (MFI) of
different food items of Merluccius merluccius.Seasonal feeding variations
From (Table 3), Fig. 1 it was shown that the modiﬁed food in-
dex for pisces diet in the stomach of M. merluccius started toincrease in summer (70.2), autumn (72.74) and reached a max-
imum value in winter (76.23), whereas it was minimal in spring
(58.81), S. aurita found to be the main food item in both au-
tumn (MFI = 19.24) and winter (MFI = 20.38), in addition
C. rhonchus was observed in all seasons ranging from
(MFI = 6.27) in spring to (28.55) in summer (10.25). Uniden-
tiﬁed ﬁsh remains were markedly observed during all seasons,
but its higher value was observed during spring (MFI = 45.3).
Crustaceans were present within the examined stomach
contents in all seasons. Shrimps were more abundant especially
during winter (MFI = 10.8) and autumn (MFI = 10.04). Al-
gae and plant debris were observed within the food items but
in low values during spring and summer and completely miss-
ing in other seasons.
The test of food items overlap index (T) according to differ-
ent seasons showed that the overlap between summer and au-
tumn (0.66), summer and winter (0.73), autumn and winter
(0.75), spring and summer (0.66) winter and spring (0.72).
These values revealed that there is signiﬁcant overlapping
between these successive seasons (all more than 0.60) which
Table 4 Variation of food items in stomachs of Merluccius merluccius in relation to size groups (O%: index of occurrence, N%:
numerical index, G%: gravimetric index, MFI: Modiﬁed food index).
Food items Size groups (cm)
<20 cm 20–30 cm >30 cm
O% N% G% MFI O% N% G% MFI O% N% G% MFI
(A) Pisces – – – – 43.24 40.54 64.63 55.91 73.33 63.64 94.04 80.25
Sardinella aurita – – – – 2.70 2.70 19.91 7.33 20.00 27.27 23.49 23.56
Caranx rhonchus – – – – – – – – 26.67 18.18 36.13 28.46
Eutrigla gurnardus – – – – – – – – 6.67 4.56 25.48 11.96
Engraulis encrasicolus – – – – 5.41 2.70 15.58 7.95 – – – –
Spicera smaris – – – – 2.70 2.70 6.62 4.23 – – – –
Conger conger – – – – 2.70 2.70 2.99 2.84 – – – –
Macroramphosus scolapex – – – – 2.70 2.70 2.07 2.36 – – – –
2-Unidentiﬁed ﬁsh remains – – – – 27.03 27.03 27.46 27.24 20.00 13.64 8.93 12.26
(B) Crustacea 88.89 83.33 99.81 92.71 45.95 40.54 12.75 23.48 26.67 31.82 5.96 13.20
Shrimp 55.56 58.33 24.96 37.70 24.32 18.92 4.06 9.37 26.67 18.18 4.58 10.13
Crab – – – – 5.41 5.41 1.31 2.66 – – – –
Digsted crustacean 33.33 25.00 74.85 46.72 16.22 16.22 7.38 10.94 20.00 13.64 1.31 4.20
(C) Mollusca cephalopoda – – – – 2.70 2.70 1.11 1.73 – – – –
(D) Algae 11.11 16.67 0.19 1.62 10.81 10.81 0.78 2.90 6.67 4.55 0.07 0.63
(E) Plant depris – – – – 5.41 – 10.72 – – – – –
Total no. of all preys H0 = 0.92149 H0 = 2.10786 H0 = 1.79850
Feeding behavior of the European hake Merluccius merluccius Linnaeus, 1758 (Family: Gadidae) 43revealed that the food items eaten during these successive sea-
sons were more or less the same. While the overlap index (T)
between spring and autumn showed an insigniﬁcant value
(0.55) which revealed that the food items eaten during these
two seasons were qualitatively different.< 20.0 cm
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Figure 2 Relationship between length groups and modiﬁed food
index (MFI) for different food items of Merluccius merluccius.Variation of feeding according to ﬁsh size
The specimens of European hake M. merluccius were divided
into three size groups <20 cm, 20–30 cm and >30 cm (Table
4), (Fig. 2), it was observed that the diet of small ﬁshes (lesser
than 20 cm) mainly constituted of crustacea that occurred in
88.9% of all examined stomachs. They constituted 99.81%
of the weight of the examined stomach content. This was fol-
lowed by algae that occurred in 11.11% of all examined stom-
achs and 0.19% by weight. The highest value of modiﬁed food
index for small size groups of ﬁshes was only observed for
crustacean diets (92.71%).
In the medium size group (20–30 cm) pisces were of high
occurrence (43.24%) and high gravimetric index (64.63%) in
all examined stomachs. Five species of pisces were identiﬁed
within the stomach content namely; S. aurita, E. encrasicolus,
Conger conger, Spicara smaris and Macroramphosus scolopex.
Crustacea (shrimps and crabs) came next in importance, occur-
ring in 24.32% and 5.41%, respectively. The highest value of
modiﬁed food index for medium size group was observed for
pisces diets (55.91).
For ﬁshes of large size group (>30 cm), pisces diet occurred
in 73.33% of all examined stomachs forming 94.04% by
weight of all food items, the main identiﬁed ﬁsh species of this
diet wereC. rhonchus, S. aurita andE. gurnardus, the estimated
modiﬁed food index (MFI) found to reach 80.25.
Crustacea came next in importance occurring in 26.67% of
all examined stomachs and having MFI equal to 13.20.
Regarding the feeding diversity (H0), it was found that the
maximum value for medium (H0 = 2.10786) and for large size
(H0 = 1.7985), respectively which showed that these ﬁshes are
active for capturing different food items compared to the small
size group (H0 = 0.92149).
The test of food items overlap (T) according to size groups
(<20 cm & 20–30 cm), (<20 cm & >30 cm) and (20–30 cm &
>30 cm) having insigniﬁcant values (0.459, 0.353 and 0.331,
44 A.E. Philipsrespectively) revealing that the food items were quantitatively
and qualitatively different.
Discussion
European hakeM. merluccius like other Gadidae is a top pred-
ator ﬁsh, thus its buccal cavity is big and the maxillaries pos-
sess strong teeth to capture the prey. The stomach is highly
distensible, while its intestine relatively short and thick
(Angelescu et al., 1958; Abd El Aziz, 1978).
From the present study most of the examined stomachs of
M. merluccius were either empty or renversed. This may be due
to the reduction in the pressure of outside medium, that leads
to expansion of air bladder, which by its turn will exert a press-
ing force on the alimentary canal, forcing the stomach to the
outside (Hickling, 1927; Abd El Aziz, 1978).
The present study of M. merluccius in Egyptian Mediterra-
nean waters indicated a strong partitioning found among hake
of three size classes as diet changes have been identiﬁed
whereas small of ﬁshes study (<20 cm) feeds mainly on crus-
tacean while longer ﬁshes (>30 cm) feeds mainly on ﬁshes.
Although hakes are demersal ﬁshes, they feed typically upon
fast-moving pelagic preys that are ambushed in water column
(Alheit and Pitcher, 1995). There is evidence that hakes feed in
mid-water or near the surface at night, undertaking daily ver-
tical migrations which are more or less frequent for juveniles
(Hickling, 1927; Papacostantinou and Caragitsou, 1987;
Orsi-Reline et al., 1989). Also, small sized individuals of these
species feed daily on small planktonic crustacean through their
vertical migrations at night, at depths between 50 and 800 m
(Casanova, 1970; Franqueville, 1971; Buchholz et al., 1995;
Vallet and Dauvin, 2001).
Nocturnal vertical migration behavior has been described
for gadoids such as hake and cod and is considered responsible
for the reduction of trawl catches of these ﬁsh at night
(Beamish, 1966; Bowman and Bowman, 1980).
Growth induces a continuous qualitative and quantitative
change in diet that is reﬂected in the increasing mean weight
of prey and decreasing mean number of prey items per stom-
ach. The shift towards large ﬁsh prey usually occurs slightly
before maturity. This is the stage where much higher energetic
demands occur due to gonad development. Thus, increased en-
ergy demands related to gonad development, and breeding
activity appear to be the critical factors driving the changes
in feeding habits (Ross, 1978).Acknowledgment
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